Objectives : Our study aimed to investigate the sustained effects of sham (SHAM) and verum acupuncture (ACUP) into the post-stimulus resting state. Methods : In contrast to previous studies, in order to define the changes in resting state induced by acupuncture, changes were evaluated with a multi-method approach by using regional homogeneity (ReHo) and amplitude of low frequency fluctuation (ALFF). Twelve healthy participants received SHAM and ACUP stimulation right GB34 (Yanglingquan) and the neural changes between post-and pre-stimulation were detected. Results : The following results were found; in both ReHo and ALFF, the significant foci of; left and right middle frontal gyrus, left medial frontal gyrus, left superior frontal gyrus, and right posterior cingulate cortex, areas that are known as a default mode network, showed increased connectivity. In addition, in ReHo, but not in ALFF, brain activation changes in the insula, anterior cingulate cortex, and the thalamus, which are associated with acupuncture pain modulation, were found. Conclusions : In this study, results obtained by using ReHo and ALFF, showed that acupuncture can modulate the post-stimulus resting state and that ReHo, but not ALFF, can also detect the neural changes that were induced by the acupuncture stimulations. Although more future studies with ReHo and ALFF will be needed before any firm conclusions can be drawn, our study shows that particularly ReHo could be an interesting method for future clinical neuroimaging studies on acupuncture.
Introduction
Acupuncture is an ancient therapeutic technique that is increasingly important as a modality of complementary medicine in Western countries 1, 2) . As a result, numerous researchers have studied the effects of acupuncture [3] [4] [5] . The devel- it is a non-invasive technique that can demonstrate the neural changes induced by acupuncture 2, 6, 7) . In recent years, acupuncture researchers have studied the so called "post-effect" of acupuncture with fMRI. This means that they were not just studying the direct neural responses, but defining the neural changes after acupuncture stimulations. Some clinical reports have indicated that acupuncture efficacy is sustained for some time after removal of the needle(s) 8, 9) . Therefore, studies about the post-effect of acupuncture stimulations are very important in order to better understand the neural changes after acupuncture stimulations. Fortunately, with fMRI, the functional changes of resting state connectivity can be evaluated 10, 11) , moreover, the post-effect of acupuncture stimulations can also be detected with this resting state connectivity [12] [13] [14] .
A review of the literature suggests that resting state connectivity in a default mode network using independent component analysis (ICA), which has been commonly used for depicting functional connectivity within a default mode network in resting-state fMRI studies 15) , can be changed after receiving acupuncture stimulation 7, 13, 16) . Posterior cingulate cortex (PCC) and precuneus strongly interacted with other brain areas during the pre-and post-stimulation state 14) and there was an increased default mode network with pain (anterior cingulate cortex (ACC), periaqueductal gray), affective (amygdala, ACC), and memory (hippocampal formation, middle temporal gyrus) related brain regions 13) . Study using
ReHo also showed the modulation of the medial frontal gyrus, anterior cingulate cortex, precuneus and posterior cingulate cortex which were reported as default mode network induced by acupuncture 17) . In this fMRI study on acupuncture, in line with previous research, the post-effect of acupuncture was studied.
To investigate the sustained effects of acupuncture into post-stimulus rest; changes of regional homogeneity (ReHo), which measures the temporal similarity of voxels within a given cluster in a voxel-wise fasion 18) and amplitude of low frequency fluctuation (ALFF) 19, 20) , which quantifies the strength of the fluctuations in each voxel, on "resting-state networks" were evaluated.
ReHo and ALFF are also methods to detect the resting state network, and many studies have already been done [19] [20] [21] [22] , however, to the knowledge of the authors, a comparison on neural changes induced by acupuncture using these methods, has not been demonstrated yet. ?
To address these questions, the following hypothesis was formulated: If acupuncture can modulate resting state connectivity in a default mode network using ICA, then it can also modulate resting state connectivity in a default mode network using ReHo and ALFF.
Materials and Methods

Target population
Twelve healthy participants entered our study, six were males and six were females, and their ages ranged from 35 to 71 (mean age 56.4±9.8). They were without any neurological or psychiatric history and were right-handed as verified by the Edinburgh Handedness Inventory There were different blocks of 60 s, during which either passive acupuncture (white block) or active acupuncture (grey block) performed. Afterwards, another "REST" period followed. Between SHAM and ACUP, structure images were acquired. 
Paradigm
The fMRI paradigm started with a "REST" condition of 4 min. For the "ACUP" and "SHAM", there were different blocks of 60 s, for which we used either "passive" acupuncture when the needle was only inserted into the skin or "active" acupuncture, for which the needle was not only inserted into the skin and then left in place, but also stimulated. After SHAM and ACUP, another "REST" condition of 4 min followed. The structural images were acquired between SHAM and ACUP. Finally, although the participants were told that the order was randomized, the actual order was SHAM first and ACUP second ( Fig. 1) 13)
.
Acupuncture
For ACUP stimulation, an eastern medical doctor with more than 5 years of experience conducted acupuncture on participants, at right Yanglingquan (GB34) 5) , which is on the For SHAM stimulation, a blunt type needle was first used to poke the skin at the right GB34 5) . In contrast to ACUP, the blunt type needle was not inserted into the skin, but only poked onto the skin. Besides that, the same paradigm was used as for ACUP, and the blunt type needle was also rotated bidirectionally at 1 Hz for 60 s. All participants were informed that two kinds of acupuncture stimulation were used.
Moreover, they were informed that the sensation could be somewhat different, but that the two kinds of acupuncture stimulation would have the same effect.
fMRI data acquisition
A Philips 3.0 T MRI system equipped for echo planer imaging (EPI) was used for data acquisition. realigned, and the subject-mean functional MR images were co-registered with the corresponding structure MR images.
All the images were normalized to the standard SPM5 template.
Data analysis
Kendal coefficient of concordance (KCC) 13, 18) was used for measuring the similarity of the time series within a functional cluster based on the regional homogeneity hypothesis 18) . In the current study, the 27 nearest neighboring voxels were defined as a cluster and a KCC value (range 0∼1) was given Paired t-tests were conducted in order to investigate which areas of the brain were changed after ACUP or SHAM using SPM5. In these analyses, the threshold was a corrected cluster level p＜0.05 26) .
Results
The results from the group analysis are shown in Fig. 3 .
ReHo maps
Group Only the left precuneus is shown in both after ACUP and SHAM.
ALFF
After-before ACUP, the left and right middle frontal gyrus Left cerebellum, right posterior cingulate and right precuneus were demonstrated both after ACUP and SHAM, whereas the other areas were different (Table 1 ).
Discussion
A baseline or control state is fundamental to the understanding of most complex systems. A default functionality of the human brain, as revealed by task-independent decreases in activity, occurring during goal-directed behaviors, suggests the existence of an organized, baseline default mode of brain function that is suspended during specific goal-directed behaviors 27, 28) . Previous research showed that a set of brain regions, including; PCC, medial prefrontal cortex (MPFC), thalamus, and insula demonstrated higher cerebral blood flow than the whole brain average in the resting state 27) . 
ACUPUNCTURE
Recent studies showed that this default mode network could be modulated by acupuncture stimulation 13) . Consistent with these results that were obtained with ICA, the hypothesis in the present study was that acupuncture could modulate the resting state not only with ICA, but also with ReHo and ALFF. As can be seen in Table 1 In previous studies with ICA, the regions of PCC, medial prefrontal cortex, thalamus and insula 27) , inferior parietal lobule, medial areas of the inferior, middle, and superior frontal gyrus 13) , and precuneus 14) were supposed as a default mode network for healthy participants. In addition, higher within-region local synchrony than in other brain regions were found in the; PCC, MPFC, insula, superior temporal gyrus, and thalamus 21) .
For ReHo, our group maps of after-before ACUP demon- . ReHo measures the regional homogeneity, which reflects local synchrony by calculating similarity of dynamic fluctuations of voxels within a given cluster. This method is based on observations that meaningful fMRI activity is more likely to occur in clusters of several spatially contiguous voxels than in a single voxel 29, 30) . It assumes that within a functional cluster, the hemodynamic characteristics of every voxel would be similar or synchronous with that of its neighbors; and such similarity could be changed or modulated by different conditions. In our study, it was found that acupuncture stimulation can change ReHo of brain regions related to a default mode network.
A previous study reported that high ALFF of cerebral blood flow (CBF) fluctuations were shown in the; PCC, MPFC, insula, superior temporal gyrus, and thalamus 21) . After-before ACUP, increased t maps of right PCC, left and right middle frontal gyrus, left superior frontal gyrus, and left and right superior temporal gyrus were demonstrated in ALFF analysis.
ALFF 25) was adopted in the current study to depict the local intensity of CBF fluctuations. Previous studies have shown that the low frequency fluctuation (＜0.08 Hz) was highly coherent among brain regions during resting state and the spatial pattern of the correlation was quite similar to the activation pattern of tasks 20, 31) . The low frequency fluctuations of the resting-state fMRI signal were suggested to reflect spontaneous neuronal activity 32) . Our results showed, in line with previous studies, that PCC and MPFC demonstrated higher cerebral blood flow than the whole brain average in the resting state as an element of a default mode network 27, 33) , moreover, it was found that the same areas were modulated by acupuncture stimulation 16) .
In this study, the question; which method (ReHo or ALFF)
is most suitable for future clinical neuroimaging studies on acupuncture, for instance, for studies on pain modulation 7) , was the most important one. Much acupuncture research focuses on various pain problems 34) and there is evidence that acupuncture can be effective against pain 35) . In EEG studies, it was found that acupuncture can modulate painful somatosensory evoked potential amplitudes at both short and long latencies after stimulation 36) . In addition, neuroimaging data
showed that acupuncture modulates brain responses in Sl, Sll, ACC, PFC, insula, thalamus, hypothalamus, amygdala, and hippocampus 37) , and that decreased pain rating was accompanied by decreased brain activity in the; insula, ACC, and thalamus 38, 39) . Interestingly, a recent neuroimaging study on acupuncture stimulation (also on GB 34), showed brain activations in the same areas as in our study 40) . As can be seen in Table 1 , we found a significant change in the insula, ACC, and thalamus as well, however, only in ReHo. For ALFF, no significant change was found in these areas. Although more future studies with ReHo and ALFF will be needed before any firm conclusions can be drawn, our study shows that particularly ReHo could be an interesting method for future clinical neuroimaging studies on acupuncture.
Limitation of current study is that the actual order of paradigm was SHAM first and ACUP second. Even if we employed washout time, more than 10 min, it could have an order effect. We demonstrated neural changes induced by acupuncture only on GB 34, however, different acupuncture points may appear different. So, verification through research on the several acupoints is required.
Conclusion
In this study, in which a multi-method approach was used, it was shown that acupuncture can modulate post-stimulus rest. Moreover, it was found that ReHo and ALFF are suitable methods in order to better understand the changes in the resting-state brain network induced by acupuncture. In addition, support is found for the hypothesis that acupuncture stimulation can modulate the default mode network. Finally, our study shows that particularly ReHo could be an interesting method for future clinical neuroimaging studies on acupuncture.
